Abstract: Correspondence of habitat and macroinvertebrate diversity was investigated in twenty Czech rivers. With regard to the importance of river characteristics (depth, current velocity and substratum) River Channel Habitat Diversity method was developed within this paper. The method is focused directly on the stream wetted channel and it assesses habitat diversity and richness computed as Shannon-Wiener's index. Macroinvertebrate samples were taken by the national PERLA method at each study site, diversity index was also calculated and compared with habitat and substrate diversity. Habitat diversity was important for macroinvertebrate communities according to multivariate assessment, but contrary to the hypothesis it was not significantly correlated with macroinvertebrate diversity. Based on the results, broader rivers had lower habitat diversity than smaller streams, and were more influenced by human activities (lower habitat diversity, higher pollution). Results obtained by the RCHD and RHS methods were not significantly correlated.
Introduction
Benthic macroinvertebrate communities are an important part of aquatic ecosystems. Their living environment, the actual channel and the whole river catchment, are affected by many factors, human activity being one of the most important in a long term. Aquatic macroinvertebrates are sensible to changes and respond quickly to them. Therefore, benthic macroinvertebrate communities can be used as indicators of human influence on streams (Hellawell 1986; Rosenberg & Resh 1993) .
In the Czech Republic, benthic macroinvertebrate communities were used predominantly for the detection of organic pollution in the past (Sládeček 1973) . In recent years, this approach was broadened (Kokeš et al. 2006) because the detection of organic pollution is insufficient for the river quality assessment. Besides the organic pollution, also the reaction of benthic invertebrates to hydromorphological changes is taken into account, with regard to the fact, that the majority of Czech streams are hydrologically changed. Although rivers bordered by trees can look natural, the river banks are frequently reinforced by trees or big stones. The modification of stream banks is closely associated with changes of the stream bottom, which can decrease habitat heterogeneity or uniform the stream channel (Negishi et al. 2002) .
The basic units for river investigations are habitats. Not only mesohabitats (riffle, pool), but also microhabitats can be inhabited by distinguishable invertebrate communities (Brooks et al. 2005) . Habitats can be determined by more parameters. Current velocity is regarded as one of the most important single parameter (Statzner et al. 1988; Brooks et al. 2005) . Substrate is also very important (Armitage et al. 1995; Graca et al. 2004; Sandin & Johnson 2004; Brooks et al. 2005) . Substrate is related with stream bottom structures and, together with other factors, markedly influences invertebrate density and diversity (Beisel 1998 (Beisel , 2000 Graca et al. 2004; Brooks et al. 2005; Beauger et al. 2006) . Various habitat types are occupied by distinguishable invertebrate communities (Armitage et al. 1995; Phillips 2003) and can be determined mainly by the type of substrate (Wohl et al. 1995; Pardo & Armitage 1997; Kaller & Hartman 2004; Brooks et al. 2005; Beauger et al. 2006) . Substrate is important from more points of view, for instance CPOM can serve as a food resource and dwelling habitat (Friberg & Larsen 1998) .
Depth and other parameters can be also important local parameters. Substrate is useful for habitat predefining (Armitage & Cannan 2000) . AQEM methodology also uses substrate for habitat determination (Hering et al. 2003) . Predetermining of habitat as a combination of more parameters including hydraulic ones is more difficult. Buffagni et al. (2000) found out that functional habitats need not be well recognizable according to physical characters and need not correspond with predetermined potential habitats. Therefore, in this study habitats were not predetermined within RCHD analysis but were determined subsequently using in field measured current velocity and depth and estimated substrate character. The aim of this study is to verify if higher habitat diversity means also higher invertebrate diversity. For determining of the substrate proportion and habitat diversity, with regard to the importance of river characteristics, RCHD method was developed. This method is focused directly on the stream wetted channel and it assesses habitat diversity and richness. A juxtaposition of diversities of habitats and macroinvertebrate communities of 20 Czech streams was made during this study. Habitat diversity, determined by RCHD method, was also compared with the assessment of streams by British River Habitat Survey (RHS).
Material and methods

Study area
Fieldwork was conducted at 20 study sites situated at 16 rivers within the Morava River basin in the Czech Republic. The range of the river width was 1.1-27.6 m, and elevation 225-481 m a.s.l. (Table 1 ). Stream stretches with as little human influence as possible were chosen. However, some sites, namely at larger rivers were regulated and at parts reinforced by big stones, because only a few larger rivers (stream width 5 m or more) without adjusted banks can be found in the Czech Republic. Some streams were also organically polluted. Two sites were in Carpathicum, others in Hercynicum bioregions. Seventeen of the 20 study sites were investigated in spring and 16 in summer. Thirteen smaller streams of the 20 sites were also studied within the European project STAR (Furse et al. 2006) . Results of biological sampling at the STAR sites were used in this study.
Macroinvertebrate sampling and sample processing All samples were taken by the PERLA method that is described in Kokeš et al. (2006) . The method is based on multihabitat semi-quantitative 3-minute kick sampling. Study sections were minimally 7× longer than the stream width, so riffle-pool sequence was included when it was formed. Benthic macroinvertebrates were sampled using a hand net (25 × 35 cm aperture and 500 µm mesh size). After determination, the invertebrate dataset was taxonomically adjusted in order to achieve one respective taxonomical level in dataset (for instance not a genus and simultaneously species belonging to the genus).
RCHD data collecting
Habitats were determined by depth, current velocity and substrate character, which were measured (depth, and current velocity) or estimated (substrate) in measuring points. Besides other substrate components, percentage proportions of 6 inorganic fractions (≤ 0.1 mm (dust), ≤ 2 mm (sand), ≤ 16 mm (gravel), ≤ 64 mm (pebbles), ≤ 125 mm (cobbles) and > 125 mm (boulders) ) were estimated.
The length of the stream stretches, where the RCHD data were taken, was approximately 200 m. Study transects were situated transversely over the stream. At the beginning of the investigation (summer 2002), the distance between transects was 20 m, in spring 2003 it was shortened and was approximately equal to the river width. Measuring points were placed irregularly along transects, preferably in places where current velocity, depth or substrate characteristics changed. The distance from the bank was noted for all measuring points on transects.
RCHD data processing Measuring points should be positioned regularly along the transects. It needs using of high numbers of points. For reducing of field measurements, smaller number of points was measured and virtual points, inserted by a computer program written for this purpose, were used for diversity computation. The program placed virtual points in regular distances (25 cm) along transects. Values of depth and current velocity were computed linearly from the left and right neighbouring measuring points. Substrates were rewritten from the nearest neighbouring measuring point. It was possible to record more substrates for one measuring point, each with a proportion. The proportions of substrates at J. Kokeš each virtual point were recomputed so the sum of proportions was 1. Virtual points contiguous to measured points were moved to measured point positions, so no measured values were lost. Current velocity and depth were classified into three classes each (Table 2 ). Eight substrates were distinguished during the data processing: four inorganic substrates (bouldery, stony, gravely, sandy), FPOM (fine particulate organic material), CPOM (coarse particulate organic material), herbaceous substrate (submerged riparian as well as water plants) and other substrate (concrete, junk etc.). Inorganic substrates were determined according to their phi + 8 values (Table 3) , which were calculated using percentage portion of the 6 inorganic fractions estimated during the field data collection (Furse et al. 1986 ). Smallest class, dusty substrate, was not located. The value phi + 8 were used to avoid negative values in further computations.
Classed data were entered into cubic matrix with three current velocity classes in the first axis, three depth classes in the second one and eight substrates in the third one. By the way, a cubic matrix containing 72 cells arose and each cell contained sum of proportions of respective substrate of relevant virtual points. The cells represented habitats and sums of substrate proportions represented habitat quantity and enabled computation of the habitat diversity.
RHS data collecting
The British RHS (River Habitat Survey) method was applied once during the study period at each study site. Field data collection was performed according to River Habitat Quality manual (Raven et al. 1998 ). The method assesses the character and quality of river habitats based on their physical structure and takes many characteristics of the river and catchment into account. Two RHS parameters, HQA (Habitat Quality Assessment) and HMS (Habitat Modification Score), were used (Raven et al. 1998 ).
Environmental factors
Next to the variables obtained within the application of the RCHD and RHS methods (elevation, latitude, longitude, basin area, average depth, average width, average current velocity, habitat diversity, HQA and HMS), BOD, N-NO3, conductivity, oxygen saturation, pH, P-PO4 were measured at each study site (Table 1) .
Data analyses
Shannon-Wiener's diversity index was used (Table 4) . It was computed according to formula
where: for invertebrates S is the number of taxa, N is the number of individuals of all taxa and ni is the number of Explanations:
The first values refer to spring, the second to summer.
individuals of taxon i. For substrates or habitats S is the number of substrates or habitats, N is the number of virtual points and ni is the sum of proportions of substrate or habitat i (content of cell of the cubic matrix). Dominance was computed according to formula Simpson 1949) where: S is the number of habitats, N is the number of virtual points and ni is the sum of proportions of habitat i (content of cell of the cubic matrix). Spearmann non-parametrical correlation coefficient was used to assess the relation of species and habitat diversity and other parameters. For classification of sites, TWINSPAN with cut levels 0, 3, 30, 120 and 300 was used.
CANOCO software (Ter Braak 1986; Ter Braak & Smilauer 2002) , specifically RDA ordination technique (Redundancy analysis), was used for multivariate assessment. Linear method was used because of short length of gradient (<3 in both seasons). Variables correlated with other ones were detected by their high inflation factor and were excluded from the analysis. The importance of environmental variables for invertebrate assemblages was tested by Monte Carlo test (Forward Selection in CANOCO), unimportant variables were also excluded. Invertebrate abundances were adjusted by Preston transformation [integer of 2 log(x + 1), max. 9], habitat diversity, latitude, longitude, HMS, HQA and pH were not transformed, basin area was square root transformed and other variables were log transformed.
RHS indices Habitat Quality Assessment (HQA) and Habitat Modification Score (HMS) were calculated according to River Habitat Quality manual (Raven et al. 1998) (Table 4) .
Results
Composition of macroinvertebrate community
After the taxonomical adjustment, a total of 236 taxa in spring and 147 taxa in summer were used in the evaluation. Taxonomic levels were species or genus, higher taxa were Nematomorpha, Mermitidae, Nematoda, Lumbricidae, Enchytraeidae, Ceratopogoninae and Dolichopodidae.
Macroinvertebrate diversity correlations
Correlation of invertebrate diversity with substrate or habitat diversity was low. The highest correlation was between invertebrate and habitat diversity in spring, but all correlations were insignificant.
Stream size correlations
Correlations of habitat and substrate diversity with stream size represented by basin area were negative, larger streams had lower habitat and substrate diversity. In case of habitat diversity, the correlation was significant in both seasons. The correlation of substrate diversity was lower and insignificant (Table 5 ). The correlation of habitat dominance and stream size was positive and significant (Table 5) . It reflects habitat impoverishment and unification of larger streams. Invertebrate diversity was not influenced by stream size. Cor- Table 5 . Correlation coefficients: Shannon-Wiener diversity index (H), dominance index (C) for invertebrates (inv), substrates (sub) and habitats (hab). Explanations: Numbers in bold denote statistical significance at P < 0.05. The first values refer to spring, the second to summer.
relation of invertebrate diversity with stream size was negative, but low and insignificant.
Environmental variables correlations
Correlation of invertebrate diversity with BOD, N-NO 3 and P-PO 4 was negative in all cases, but significant only in case of P-PO 4 in spring (Table 5 ). High and significant correlation of BOD and basin area confirm higher organic load of larger streams, nevertheless without significant response in invertebrate diversity.
River habitat survey -HQA and HMS correlations HQA values were 18-57 in both seasons, two values (18 and 20) were outlying in spring, and one (18) was extreme in summer. HMS values were 2-54 in spring, and 2-43 in summer, which represents categories ranging from semi-natural to significantly modified. There was no significant correlation of invertebrate diversity and richness with HMS or HQA. There were also no significant correlations of RCHD results with HMS or HQA. It holds true for substrate as well as habitat diversity.
Environmental variables importance
Values of 17 variables were at disposal for testing of an importance of environmental variables for invertebrate assemblages: elevation, basin area, latitude, longitude, habitat diversity, average depth, average current velocity, average width, BOD, N-NO 3 , conductivity, oxygen saturation, pH, P-PO 4 , HQA and HMS. Importance of variables for invertebrate communities was tested using Forward Selection in CANOCO software. Basin area, average current velocity, average stream width and conductivity in both season and oxygen saturation in summer were excluded due to high correlations with other variables, manifested by high inflation factor. Although the correlation of invertebrate and habitat diversity was insignificant, the RDA analysis shows the habitat diversity as important variable for invertebrates in both seasons. In spring, also P-PO4 nutrient, which was also significantly correlated with invertebrate diversity, and HQA were important. In summer, besides habitat diversity, BOD, representing organic load, was important.
The set of sites was classified (TWINSPAN) into 4 groups in spring. In summer, the differences were higher and individual sites were separated in lower level of di-J. Kokeš • group 1, group 2, group 3, group 4. vision, so only first level was used. The number of sites and the level of division are in Fig. 1 . All groups in both seasons are well separated in ordination diagrams (Figs 2, 3) . In spring, groups 1 and 2 contain rather smaller watercourses with higher habitat diversity and higher (group 1) or lower (group 2) P-PO 4 amount. Group 3 contains rather large watercourses with lower habitat diversity and mostly lower P-PO 4 amount. Summer diagram shows rather large watercourses in right and smaller ones in left site. It also shows habitat diversity eclipsed by BOD. Both diagrams show habitat diversity more important in spring than in summer, when streams are more burdened with factors such as small discharge and higher organic load. In spring, when the discharge is higher, direct organic pollution, represented by BOD, played smaller role and P-PO 4 nutrient was more prominent.
Discussion
Macroinvertebrate diversity and environmental variables The aim of this paper was to compare habitat and invertebrate diversity. Greater microhabitat and hydraulic • group 1, group 2. diversity should result in greater biotic diversity (LeRoy Poff & Ward 1994; Beisel et al. 2000; Philips 2003) . So the hypothesis was the higher the habitat diversity, the higher the invertebrate diversity. However, in the investigated site set, the hypothesis did not prove true. In both seasons, the correlation of habitat and invertebrate diversities was very low and insignificant. However, multivariable analysis revealed habitat diversity as really important one, which holds for both investigated seasons. It seems that the relationship of the invertebrate assemblages and habitat diversity is more complicated and, in evaluated data set, it was not possible to detect it by simple non-parametrical correlation analysis. The importance of habitat diversity in this study data set confirms the importance of habitat approach in stream alteration and revitalization Beisel et al. 2000) . Some authors found that higher habitat diversity is good for the stability of invertebrate communities. It can moderate the impact of disturbances because the existence of stable refuges is more probable in heterogeneous environment (LeRoy Poff & Ward 1994; Negishi et al. 2002) . Results of multivariate assessment show summer as a less favourable season (importance of BOD for invertebrates, Fig. 2 ) and suggest the habitat diversity as an important factor for invertebrate community in the season.
Stream size
It has been confirmed that invertebrate density depends on the size of river, reaching the maximum at middle-sized rivers (Vannote et al. 1980) . The largest streams in this study dataset can be regarded as middlesized rivers. However, the correlation was very low, negative and insignificant. The reason is probably pollution and habitat impoverishment and uniformity of larger streams. Homogenous environment should shelter fewer taxa (Beisel et al. 2000) . In our data, negative correlations of basin area with habitat and substrate diversity revealed larger rivers as habitat impoverished, positive correlation with habitat dominance as uniformed. It was expected, and the situation in the assessed set of streams can be generalized to almost all Czech rivers. They are often more or less hydromorphologically changed and especially near-bank habitats are reduced or lost. Larger rivers were also significantly more polluted by organic pollutants in both seasons. In larger rivers, higher content of organic matter is partly natural. River stretches of larger rivers with the least possible human influence were chosen for the study, but it was not possible to avoid an interference of organic pollution and hydromorfological modifications.
River habitat survey -HQA and HMS correlations
The RHS method takes parameters outside the river into account, whereas the RCHD method is focused on the stream channel only. Contrary to the RCHD method, the real shape of the river channel does not form a fundamental part of the RHS method. Correlations of RCHD results and HQA and HMS were insignificant. It means that in the investigated stream set, RHS and RCHD methods presented different approaches. It is confirmed by the result of the multivariate assessment in spring. The methods appear to be not interchangeable but complementary ones.
Conclusions
Habitat diversity was not significantly correlated with invertebrate diversity, but multivariate analysis revealed it as important condition for invertebrate communities inhabiting watercourses. Its summer importance shows that maximal habitat diversity must be taken into account in stream alterations. A new RCHD method was developed and assessed as complementary, not interchangeable with the RHS method.
